Fusiform intracranial aneurysms have been so often associated with atherosclerosis that the term "atherosclerotic aneurysm" has been used interchangeably. [1] [2] [3] [4] [5] "Dolichoectasia" has also been used to refer to fusiform aneurysms, alluding to their elongated (dolichos) and distended (ectasia) shape. Most commonly affecting the distal vertebral and basilar arteries in older patients, fusiform aneurysms are usually associated with neural compression or ischemia and, rarely, rupture.
any other systemic and/or heritable connective tissue or vascular disease. Like atherosclerotic dolichoectasias, these aneurysms are commonest in the vertebrobasilar circulation and frequently cause compressive symptoms but, unlike them, these aneurysms occur in younger patients, are relatively discrete and arise from otherwise normal arteries. The series of patients presented here suggests that not all aneurysms with fusiform morphology have a clear atherosclerotic etiology or are related to a detectable connective tissue disease.
PATIENTS
Out of a series of 472 intracranial aneurysms treated by a single neurovascular surgeon over 11 years, and not including six additional patients with intracranial arterial dissections, 11 patients (2.3% of the total) between the ages of 16 and 67 (mean age 37) were identified who had discrete fusiform intracranial aneurysms which were unassociated with detectable cerebral atherosclerosis or a diagnosed hereditary or acquired connective tissue or inflammatory disorder, such as Marfan's syndrome, pseudoxanthoma elasticum, Ehlers-Danlos syndrome, neurofibromatosis, or any type of intracranial infectious or inflammatory condition. Specifically, cerebral atherosclerosis was considered very unlikely when the aneurysm appeared discrete and there was no evidence of either diff u s e cerebrovascular disease or atherosclerosis elsewhere as determined by cerebral arterial imaging and/or by direct THE CANADIAN JOURNALOF NEUROLOGICALSCIENCES Three patients presented with subarachnoid hemorrhage, six with symptoms and signs of either cranial nerve or brain stem compression by the aneurysm and two aneurysms were incidental discoveries (Table) . None had calcification of the aneurysm wall and three had intra-aneurysmal thrombus (laminated clot) prior to treatment ( Figure 1 ). Seven of the 11 patients underwent preoperative magnetic resonance imaging (MRI) (patients no.s 2, 3, 4, 6, 8, 10 and 11) and none had evidence of cerebral infarction related to the aneurysm. Angiographic assessment of every patient and direct surgical inspection of the eight patients who underwent surgery indicated normal parent arteries and normal arteries adjacent to the fusiform aneurysm. The mean length and width of the aneurysms was 16.3 mm and 11 mm, respectively. In recent years we have found three-dimensional computerized tomographic angiography (CTA) very useful in the anatomical characterization of these aneurysms.
TREATMENT AND OUTCOME
All of the patients in this series were treated in some manner. Eight patients underwent proximal parent artery occlusion, five with microsurgical clipping (one of whom also underwent trapping of a small fusiform aneurysm [patient no. 7]), two with proximal balloon occlusion and one with intra-aneurysmal endovascular Guglielmi detachable (Ta rget T h e r a p e u t i c s , Fremont, CA) coil embolization ( Figure 2 ). Three aneurysms were circumferentially wrapped with cotton sheets that were held clipped or stapled around the fusiform aneurysm ( Figure 3) .
One of these patients (patient no.1) also had a saccular bleb arising from her posterior cerebral artery fusiform aneurysm (thought to have caused her subarachnoid hemorrhage) that was clipped directly prior to wrapping the entire fusiform segment of artery. One patient, no. 2, underwent a superficial temporal artery-middle cerebral artery bypass prior to balloon occlusion of a cavernous segment internal carotid artery aneurysm.
Outcome has been generally good. One patient with a giant basilar trunk aneurysm who underwent proximal basilar artery clip occlusion suffered brain stem infarction and died several days following surgery (patient no. 9) (Figure 4 ). Another with a l a rg e 
) presented with painful and partial left third and fifth nerve palsies, due to compression from a fusiform aneurysm of the left superior cerebellar artery (upper left panel, left vertebral artery angiogram). Outflow from the aneurysm into a distal vessel could not be readily appreciated and thrombus within the aneurysm was seen on CT (not shown). The aneurysm was occluded with a total of seven detachable coils (upper right), which did not result in cerebellar infarction. Two months later, following safe delivery of her child, repeat angiography showed aneurysmal expansion of the proximal parent artery (lower left), which was occluded with an additional two coils (lower right). Repeat angiography two years later has showed persistent complete aneurysm occlusion.
"pantaloon" aneurysm of the vertebrobasilar junction suffered a small medullary infarction following occlusion of the right vertebral artery, from which he made a good recovery (patient no. 10) (Figure 5 ). Follow-up between six months and ten years has not detected clinical aneurysm recurrence in any patient.
DISCUSSION
Intracranial arterial aneurysms are classified and described both etiologically and morphologically and, for many aneurysms, there is a correlation between their cause and shape. The most common type of intracranial aneurysm, making up over 90% of the total, are "developmental" in origin, acquired rather than congenital lesions arising at arterial bifurcations, branch points or curves. These locations are subjected to particular hemodynamic stresses that over time lead to focal vessel wall degeneration and aneurysm formation.
9 , 1 0 D e v e l o p m e n t a l aneurysms have a saccular morphology (hence the older term "berry" aneurysms), can be of any size, and have an orifice and neck arising from an underlying normal parent vessel.
Fusiform intracranial aneurysms have been characterized as thickened, widened and elongated arteries due to atherosclerosis in an older population (geriatric men most commonly), occurring most often in the vertebrobasilar arteries where they can become quite large and compress cranial nerves or brain stem causing symptoms such as trigeminal neuralgia, hemifacial spasm, deafness, or sensorimotor dysfunction of the pharynx, larynx or limbs. 4, [11] [12] [13] [14] Intraluminal thrombosis and embolism can cause ischemia and infarction. 4, 5 Histopathological examination of the walls of these aneurysms shows deficiencies in the elastic lamina, fibrotic replacement of the muscularis, calcium and lipid deposition, mural hemorrhage and infiltration with both acute and chronic inflammatory cells. 6, [15] [16] [17] Although quite uncommon, cerebral arterial ectasia and fusiform intracranial aneurysms have also been reported to occur in younger persons with certain systemic connective tissue disorder, including Ehlers-Danlos
Figure 3: A 43-year-old healthy woman (patient no. 11) was found incidentally in a chronic headache investigation to have a fusiform aneurysmal dilatation of her left internal carotid artery (ICA) between the origin of the posterior communicating artery and the terminus (upper left, left carotid angiogram, upper right CTangiogram of the circle of Willis from above). The fusiform expansion of the ICA (lower left, image taken from the operative video, * = proximal ICA, arrow = posterior communicating artery) was circumferentially wrapped with a cotton sheet made by splitting a surgical cottonoid, and the ends were joined by microstaples (lower right, image taken from the operative video, stapler manufactured by AutoSuture Company, a division of the United States Surgical Corporation, Norwalk, CT).
syndrome, Marfan's syndrome, pseudoxanthoma elasticum, tuberous sclerosis and neurofibromatosis. 18, 19 Intracranial arterial dissections can result in stenosis, occlusion, double-lumens and also fusiform arterial dilatations causing subarachnoid hemorrhage when the adventitial layer is breached. The possibility that some of the aneurysms described in this report were intracranial dissecting aneurysms must be considered, especially since intracranial dissections more commonly occur in the vertebral and basilar arteries. [20] [21] [22] The majority of patients with intracranial arterial dissections (and all
Figure 4: A 24-year-old healthy young man (patient no. 9) collapsed while motor-bike racing and, within 24 hours, suffered a recurrent subarachnoid hemorrhage from a large mid-basilar artery aneurysm (upper left panel, left vertebral angiogram). At surgery it was found that the aneurysm was fusiform so the proximal basilar artery was clip-occluded, since it was known that the patient had posterior communicating arteries to provide collateral flow to the upper brain stem. The aneurysm thrombosed following, causing brain stem infarction and the patient died several days later. Autopsy confirmed the fusiform nature of the aneurysm (upper right, showing the opened aneurysm, clips occluding the proximal basilar artery and a wooden stick [arrow] inserted into the distal basilar artery lumen). Pathological examination (lower panel, Verhoeff Van Gieson staining) showed the proximal parent basilar artery (A) with normal tunica intima (i), elastic lamina (arrow head), tunica media of smooth muscle (m) and tunica adventitia (a). The aneurysm neck begins to lose elastic lamina and tunica media (B), and the aneurysm wall shows a complete loss of these two elements (C), replaced by degenerative fibrous tissue. No changes consistent with atherosclerosis were found.
of the 65 patients with typical dissections in Mizutani et al's report 21 ) present with subarachnoid hemorrhage and imaging demonstrates irregular luminal stenosis at either end of a fusiform enlargement, often with a tell-tale intimal flap. Among the three patients in our series who presented with subarachnoid hemorrhage, one died and pathological examination of the basilar aneurysm ruled out a dissection, and the radiological appearances of the other two posterior cerebral artery aneurysms that ruptured were not typical of dissection (as described above). Nevertheless, in the absence of neuropathological proof, it remains possible that these and perhaps other fusiform aneurysms in our series were atypical intracranial arterial dissections.
There are a number of other more rare and special intracranial aneurysms, including traumatic, 2 3 n e o p l a s t i c , 2 4 , 2 5 i n f l a m m atory, 26 ,27 infectious 28-31 and radiation induced types, 32 where focal arterial wall injury, invasion or destruction leads to aneurysmal dilatation that is usually irregular and sometimes fusiform in morphology. However, these types of aneurysms are quite unlike the fusiform aneurysms described in this report, arising usually in peripheral arteries, normally only several millimeters in size and, because of their distal location, causing parenchymal hemorrhage when they rupture.
The patients presented in this report are unique in that their aneurysms had distinct fusiform morphologies but there was no evidence of adjacent or widespread cerebral atherosclerosis, nor was there any clinical evidence of connective tissue disorder, localized infection or vessel wall inflammation. A l s o inconsistent with an atherosclerotic etiology was the young mean age of our patients (37 years) as well as the absence of clinical or radiological evidence of cerebral ischemia associated with the aneurysms. It needs to be acknowledged, however, that without histopathological proof obtained at autopsy (available for only one patient in our series) we cannot absolutely rule out either atherosclerosis or occult systemic connective tissue disease. Long-term follow up of several patients suggests that once treated, the underlying process does not spread to adjacent vessels. It is interesting that the aneurysms in this series showed a proclivity for the posterior circulation, and the posterior cerebral artery in particular, which is similar to the more common atherosclerotic fusiform aneurysms. Similar findings to these were recently reported by Drake and Peerless. 33 Although the 120 fusiform intracranial aneurysms they treated surgically were all giant (≥ 2 cm) in size, they found only three due to an identifiable ateriopathy and only six in patients with atherosclerosis. In the remaining 111 patients the etiology of their giant fusiform aneurysms could not be determined. In these much younger patients, with an almost even sex ratio, aneurysms predominated in the basilar trunk and posterior cerebral artery (90% affected the posterior circulation), and 20% bled, findings similar to our own series of smaller aneurysms. Idiopathic fusiform aneurysms affecting the middle cerebral artery were also described by those authors and have been reported by others, 34-36 although we have not yet encountered one. The morphology of fusiform aneurysms requires that treatment, when indicated by either the presence of symptoms (nine of the 11 patients in this series), or the predicted long-term risk of growth and possible rupture (two of the 11 patients in this series) consist of either proximal occlusion, proximal and distal occlusion ("trapping"), or circumferential wrapping with or without clip reinforcement to stabilize and strengthen the aneurysm wall. 3 7 , 3 8 When Hunterian proximal occlusion or trapping are being considered, success is dependent upon adequate collateral circulation to both the distal vessels as well as any branches or perforator vessels arising from the fusiform aneurysm itself. 33 That collateral circulation may arise from the circle of Willis, bypass vessels created surgically, or natural leptomeningeal or deep arteriolar collateral flow.Treatment must be individualized to the patient, but basilar trunk aneurysms present the greatest difficulties while posterior cerebral artery fusiform aneurysms are often simply and effectively managed by proximal posterior cerebral artery occlusion, since this artery usually has good collateral blood supply.
The underlying cause of the type of fusiform aneurysms described in this report is unknown at this time but appears to bear no clear relationship to cerebral atherosclerosis. T h e principle aim of this report is to emphasize that fusiform and atherosclerotic aneurysms are terms that should not be used interchangeably. Fusiform atherosclerotic aneurysms should be distinguished from those that are fusiform in shape but idiopathic in etiology.
